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Female frequency, sex change, first flowering dates and fruit-set are reported in a dimorphic population of 
Bequaertiodendron magalismontanum. Hermaphrodites start flowering earlier, but attain a peak in first flower-
ing date at the same time as females. Intermediate prolific bloomers have the highest fecundity. The popula-
tion has a high preponderance of hermaphrodites (73.3%), but open-pollinated females produce 5.6 times as 
many single-seeded fruits as open-pollinated hermaphrodites. Results indicate that, at equilibrium frequen-
cies, females can be maintained in the population by their fecundity advantage and that B. magalismontanum 
is in an intermediate, subdioecious stage on the gynodioecious pathway towards dioecy. 
Die frekwensie van vroulike plante, geslagsverandering, eerste blomdatums en vrugset is in 'n dimorfiese 
populasie van Bequaertiodendron magalismontanum ondersoek. Hermafrodiete begin vroeer blom, maar 
bereik te gelyker tyd 'n optimum in eerste blomdatum as vroulike plante. Intermediere intensiewe blom-
draendes het die hoogste vrugbaarheid. Hermafrodiete (73.3%) oorheers in die populasie, maar vrugset is 5.6 
keer hoer in oopbestuifde vroulike plante as in oopbestuifde hermafrodiete. Resultate toon aan dat vroulike 
plante in 'n gebalanseerde populasie in stand gehou kan word deur hulle hoe vrugbaarheidsvoordeel en dat 
B. magalismontanum in 'n intermediere, subdiesiese ontwikkelingstadium op die ginodiesiese weg na diesie 
is. 
Keywords: Female frequency, first flowering dates, fruit-set, maintenance of gynodioecy, subdioecy 
*To whom correspondence should be addressed 
Introduction 
Bequaertiodendron De Wild . is a totally African genus of 
the Sapotaceae. The genus comprises two species of 
evergreen trees and shrubs (Kupicha 1983) with usually 
single-seeded edible berries, namely B. magalismon-
tanum (Sond.) Heine & J.H. Hemsley and B. natalense 
(Sond.) Heine & J.H. Hemsley. Both species are widely 
distributed in tropical Africa, but also occur southwards 
to the Republic of South Africa. The latter species, 
locally known as the Natal sweet plum, is confined to the 
eastern, frost-free parts of the country (Palmer & Pitman 
1972) . B. magalismontanum, the stem-fruit, frequently 
occurs in localities subjected to periodic droughts and 
frost (Gerstner 1948; Hemsley 1966; Meeuse 1960). 
Under these conditions the plants are associated with 
rocky outcrops where the crevices among the rocks may 
provide favourable microsites for germination of 
recalcitrant seeds . 
Little information is available on the sexual nature of 
Bequaertiodendron in the tropical parts of the continent, 
as is the case in most tropical trees (Bawa 1974, 1980), 
but according to Richards (1986, p. 301) gynodioecy 
appears to be very rare in tropical forests . Steyn & 
Robbertse (1988) reported the occurrence of morpho-
logical gynodioecy in a Magaliesberg population of B. 
magalismontanum. The low (23% and 24%) frequency 
of females, reported by these authors, raised the 
question about how these individuals can be maintained 
in the predominantly hermaphrodite population . 
Females can transmit genes to the subsequent generation 
only through their own seeds, while hermaphrodites 
contribute their genes via the seeds of the whole 
population. Fenale individuals are therefore at a 
disadvantage compared to hermaphrodites. They will be 
lost from a population, unless they enjoy some compen-
satory advantage such as higher seed production (Lewis 
1941; Ross 1970; Shykoff 1988), avoidance of inbreeding 
depression , or acorn bination of higher fecundity, 
outcrossing advantage and possibly other factors, such as 
higher probability to adulthood or longer reproductive 
life (Shykoff 1988 and references therein; Stevens & van 
Damme 1988 and references therein) . All these 
conditions contribute towards greater fitness of the 
females in the population and gynodioecy is favoured 
(Richards 1986) . During a study on pre-fertilization 
events in B. magalismontanum (Steyn & Robbertse 
1988) , we noted that females seemed to produce more 
fruits than hermaphrodites, but no quantitative data on 
post-fertilization events were collected. The present 
paper therefore reports the results of an investigation on 
fruit/seed production in a gynodioecious, predominantly 
hermaphrodite population of B. magalismontanum. 
Materials and Methods 
At the beginning of the 1988 flowering season 130 plants 
were selected randomly on the Magaliesberg koppies in 
the eastern suburbs of Pretoria. The radius of the study 
area was c. 6 km and it was assumed that gene flow 
between individuals in the population would be 
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adequate. Some of these plants have been under obser-
vation for at least 8 years, as they occur in natural parts 
of private gardens. Among the 130 plants, all available 
(64 plants) prolific flower bearers (Steyn & Robbertse 
1988) with a high and approximately the same density of 
flowers on the branches, and therefore with equal oppor-
tunities for insect attraction and pollination, were 
selected and tagged. Selection of plants continued 
throughout the flowering season and individual first 
flowering dates were recorded. On each plant five 
randomly selected branches of comparable age were 
labelled. Open flowers collected from these branches 
were preserved in F.A.A. in correspondingly labelled 
containers. By examining open flowers on site and 
preserved flowers under the dissecting microscope, the 
morphological sex of each plant was assessed. Individ-
uals were classified as female, hermaphrodite or trans-
itional, according to criteria described by Steyn & 
Robbertse (1988). Since no differences in any aspect of 
flower production between females and hermaphrodites 
could be detected, it was assumed that relative sex ratios 
of prolific flower bearers would be representative of the 
population. All individuals with transitional flowers 
were excluded from the investigation on fruit-set, 
leaving only individuals with pure female, and individ-
uals with pure perfect flowers. On the labelled branches 
of these plants, sections containing 200 maturing buds 
and open flowers, i.e. 1 000 budslflowers per plant, were 
marked (Figures 1 & 2). Nine to 12 weeks after the first 
flowering date for each individual, before fruits started 
to ripen, all fruit on the labelled branch sections were 
counted (Figures 3 & 4). This cut-off level (9-12 weeks) 
was selected, because counts of completely ripe fruits 
were unreliable due to heavy infestation by parasites and 
predation by frugivores, during the ripening phase 
(13-16 weeks). Secondly, preliminary studies on fruit-
drop and fruit development, conducted during the 1986 
and 1987 fruiting seasons (Steyn & Robbertse unpub\.), 
revealed that spontaneous fruit abortion was extremely 
heavy during the first 4 weeks, but decreased sharply 
5-7 weeks after anthesis, when the fruits were c. 10 mm 
long and c. 6 mm in diameter. Fruit-drop then became 
negligible, while fruit size increased rapidly (Figure 3) 
until the ripening phase. Fruit-set, defined by Sutherland 
(1986) as the ratio of mature fruits to female/hermaph-
rodite flowers, was therefore assessed for each individual 
by dividing the number of unripe fruits on the five 
labelled branch sections by the number of flowers 
counted, i.e. 1 000 flowers per plant. The relationship 
between first flowering dates and fruit production 
(Figure 5), was assessed in the following way: females 
with the same first flowering date were grouped together 
and the number of fruits per group was assessed. The 
same procedure was followed in hermaphrodites. These 
figures were then expressed as percentages of the total 
number of fruits produced in the population. 
Results 
Female frequency 
The 64 prolific flower bearers comprised 16 female, 4 
7 
transitional and 44 hermaphrodite individuals. One of 
the plants that has borne hermaphrodite flowers up to 
1987, changed its sexual state completely and was 
included among the females in 1988. The sex ratio 
between plants with pure female and pure hermaphro-
dite flowers was therefore 26.7 : 73.3. If the transitional 
forms are included under the hermaphrodites, the 
procedure followed by Steyn & Robbertse (1988) , the 
female frequency for the population is 25%. This 
frequency is not significantly higher than the 23% and 
24% obtained during 1986 and 1987 for populations 
under similar climatic conditions. The relative sex ratio 
(16 pure females: 44 pure hermaphrodites) obtained, 
can therefore be considered as evidence that the sample 
taken (60 prolific flower bearers) is representative of this 
species . 
First flowering dates 
Among hermaphrodites, the number of plants starting to 
flower increased steadily during August and rose to a 
sudden maximum in the first week of September, then 
decreased (Figure 5). Fruit production by these early 
flowering plants was relatively low but stable . Females 
started flowering 3 weeks later, but attained a peak in 
first flowering date at the same time as hermaphrodites. 
Comparison of fruit production among plants with 
different first flowering dates , showed that prolific 
bloomers coming into flower during this peak and inter-
mediate flowering period, have the highest fecundity. 
Fruit-set ratios 
Out of the 60 000 flowers marked, 2 116 (3.53%) devel-
oped into fruit. The total number of fruits borne by 
female plants (1 417) was 2.03 times more than the 
number borne by hermaphrodite plants (699), even 
though only 26.7% of the population was female. The 
superior fecundity advantage of females over hermaph-
rodites is stressed by the fact that out of the 16000 
flowers borne by females, 8.86% (1 417) developed into 
fruit, compared with only 1.59% (699) of the 44000 
hermaphrodite flowers. Per plant, females therefore 
produced 5.57 times more fruits than hermaphrodites . 
According to the number of fruits produced per plant, 
the 60 plants were sorted into 10 classes with 28 fruits per 
class interval (Figure 6). Hermaphrodites set fruit in the 
3 lower class intervals only (0-84 fruits). The vast 
majority (97.73%) of the hermaphrodites bore less than 
56 fruits per 1 000 flowers, compared with less than half 
(43 .75%) of the females. 
Discussion and Conclusions 
Monogenic and digenic models (Lewis 1941; Ross & 
Shaw 1971) showed that females cannot exist in wild 
populations, unless they are more than twice as fertile as 
hermaphrodites . A two-fold maternal advantage may 
also be attained in other ways. With nuclear control of 
male sterility, females can be maintained in the popu-
lation if their pre-adult survival rates are more than 
double, or their adult death rates less than half, those of 
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Figures 1-4 Fruit-set in Bequaertiodendron magalismontanum: 1. Marked branch section with 200 female flowers. 2. Marked 
branch section with 200 hermaphrodite flowers. 3. Same branch section as 1 with female fruit, c. 9 weeks after first flowering date 
of female plant. 4. Same branch section as 2 with hermaphrodite fruit, c. 9 weeks after first flowering date of hermaphrodite plant 
(all scale bars = 2 cm). 
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Figure 5 Relationship between first flowering date and fruit 
production in a dimorphic population of Bequaertiodendron 
magalismontanum (n = 60; female frequency = 26.7% ; figures 
at data points on graphs represent numbers of individuals 
starting to flower; values on y-axis indicate number of fruits 
produced by each group of plants , expressed as a percentage of 
total fruit production in population). 
hermaphrodites (Stevens & van Damne 1988 and refer-
ences therein) . With cytoplasmic control of male steril-
ity, females can persist in the population, if their fertility 
is only slightly above that of hermaphrodites (Lewis 
1941; Richards 1986). With nuclear-cytoplasmic control 
of male sterility, females can exist at equilibrium 
frequencies, if their fertility is above , but less than twice, 
that of hermaphrodites (Richards 1986, p . 206) . 
The mode of inheritance of male sterility in Bequaer-
tiodendron has not been studied, but the fact that the 
total number of single-seeded berries produced by 
females in the population was 2.03 times more than the 
number borne by hermaphrodites, suggests that male 
sterility in this species is under nuclear control. In order 
to attain this essential two-fold fecundity advantage, 
every female plant must produce 5.57 times as many 
slow-maturing, fleshy fruit with large, recalcitrant seeds 
as every hermaphrodite does . The energy drain on 
females must be substantial , even if they do avoid the 
cost of producing pollen. This highly superior maternal 
fitness is required on account of the predominance 
(73.7%) of hermaphrodites in the population. The 
results of this investigation therefore indicate that the 
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Figure 6 Distribution of fruit production in a dimorphic 
population of Bequaertiodendron magalismontanum (n = 60; 
female frequency = 26.7%; figures at top of each hatched bar 
denote number of female plants per class interval; figures near 
top of each open bar denote number of hermaphrodite plants 
per class interval) . 
superior fecundity advantage . However, the mainten-
ance of gynodioecy in a species consisting of woody, 
long-living perennials that occur in patchy environments 
and produce fleshy fruit with recalcitrant seeds , is 
influenced by many conditions. Before further conclu-
sions can be drawn , more of these conditions should be 
investigated , e .g. pre-adult survival rates and adult death 
rates. 
Hermaphrodites act mainly as suppliers of pollen to 
the population . They come into flower at least 3 weeks 
before the first females. Their contribution of genes to 
the subsequent generation is predominantly through 
pollen (2 116 fruits) and to a much lower degree through 
ovules (699 fruits) . These plants therefore function 
mainly as males . The two sexes in the population exhibit 
all the characters outlined by Ross (1980) as character-
istic of subdioecious plants, namely the females are well 
differentiated and seldom or never produce any pollen. 
The males are incompletely differentiated, produce 
small or even considerable quantities of seed and may be 
indistinguishable from hermaphrodites . It has been 
pointed out (Steyn & Robbertse 1988) that the pollin-
ation system of B. magalismontanum may be imposing a 
constraint upon the evolution of morphological males , 
but, although this species is morphologically gynodioe-
cious, its breeding system is one of subdioecy. As this 
species is on the gynodioecious pathway (Lloyd 1980; 
Ross 1980) towards dioecy, it also exhibits the characters 
of the dioecious syndrome (Steyn & Robbertse 1988) . It 
is, however, still in the intermediate, subdioecious 
condition (Lloyd 1980) where there is no absolute 
distinction between gynodioecy and dioecy (Arroyo & 
Raven 1975) . 
This investigation showed that stem-fruit plants do not 
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necessarily maintain their sexual condition throughout 
their lives . We suggest that this character of varying 
sexual expression in B. magalismontanum has been 
responsible for the slow increase in female frequencies 
since 1987, when the drought of preceding years started 
to abate (Steyn & Robbertse 1988). A similar situation 
was reported for Atriplex L. (Freeman et al. 1980). 
These authors also showed 'that dioecious individuals 
with the capability of sex change will have a selective 
advantage over individuals lacking this ability .... and 
that such species should possess a reproductive advan-
tage in environments that are heterogeneous in time and 
space'. We suggest that B. magalismontanum is one such 
species and that this character of varying sexual 
expression played an important role in the adaptability 
of this originally tropical taxon to temperate climates 
and localities subjected to periodic droughts and frost. 
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